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2 research units and several research groups:


M Laser sources and
measurement devices

1.5 kW fiber laser with 100 um
fiber - to be replaced in the near
future

1.5 kW cutting laser
300 W diode laser
25 W excimer laser

1 kW diode laser, integrated in
forming tools

Ultrafast laser (< 30 fs) Multi-Pass-
Amplifier (0.8 mJ pulse energy,
1 kHz rep rate)

Ultrafast laser (approx. 220 fs),
5W, SHG and THG output,
cooperation with SME

Optical contact angle goniometer
3D surface measurement devices
Light microscopes and SEM
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Neuer Laser ARM
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�Goldfinger: James Bond Movie 1964 





= Dye lasers = Semiconductor lasers

® Organic dye in liquid solution ® Solid state lasers

* Short pulses, high pulse energies * Nd:YAG, Yb:YAG, Yb-Glass, ....

= Gas lasers : * Ti:Sapphi
r i:Sapphire
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Dye lasers390-435 nm (stilbene), 460-515 nm (coumarin 102), 570-640 nm (rhodamine 6G), many others Other laser, flashlamp Research, laser medicine,[2] spectroscopy, birthmark removal, isotope separation. The tuning range of the laser depends on which dye is used

Laser können biologisches Gewebe sowohl am Auge als auch an der Haut durch verschiedene Mechanismen schädigen:
Thermische Schäden oder Verbrennungen entstehen, wenn das Gewebe so stark erhitzt wird, dass es zur Denaturierung von Proteinen kommt. 
Ein weiterer Mechanismus ist die photochemische Schädigung, bei der Licht chemische Reaktionen im Gewebe auslöst. Photochemische Schäden treten vor allem bei kurzwelligem (blauem und ultraviolettem) Licht auf und können sich im Laufe von Stunden akkumulieren. 
Laserpulse, die kürzer als etwa 1 μs sind, können einen raschen Temperaturanstieg verursachen, der zu einem explosionsartigen Sieden von Wasser führt. Die Schockwelle der Explosion kann anschließend noch relativ weit vom Auftreffpunkt entfernt Schäden verursachen. 
Ultrakurze Pulse können auch eine Selbstfokussierung in den transparenten Teilen des Auges aufweisen, was zu einer Erhöhung des Schadenspotenzials im Vergleich zu längeren Pulsen mit der gleichen Energie führt. Bei der Verwendung von Titan-Saphir-Lasern hat sich die Photoionisation als Hauptmechanismus der Strahlenschädigung erwiesen.�


High power laser sources: possible hazards

Source

Laser radiation

Reaction products

Processing station

Hazards

Raw beam, reflected, scattered radiation
Secondary radiation,...

Vapour, fumes, (very) small particles, toxic
gases,...

Moving parts, high voltage, toxic gases,...
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�In open laser setups, parasitic specular reflections (caused either by parts of the setup or by movable metallic tools, watchbands, rings, etc., but also by the residual reflectance of anti-reflection coatings) may allow hazardous beams to leave the setup, which might hit someone's eye.
Optical fibers, e.g. transporting high optical powers between different rooms, may release dangerous radiation when being broken. Therefore, high-power fiber cablesneed to be specially protected and marked.
High-power lasers (e.g. with powers in the kilowatt region) can damage not only the eye but also the skin within short exposure times, and can easily start a fire, e.g. when the beam hits materials such as wood or plastics; toxic fumes may also be generated.
�
The maximum permissible exposure (MPE) is the highest power or energy density (in W/cm2 or J/cm2) of a light source that is considered safe, i.e. that has a negligible probability for creating damage. It is usually about 10% of the dose that has a 50% chance of creating damage[7] under worst-case conditions. The MPE is measured at the cornea of the human eye or at the skin, for a given wavelength and exposure time.
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High power laser sources: possible hazards Ll

gqttan”lbb) cortee vves Wavelength range Pathological effect
Iris N\

Suspensory Ciliary on.Q g .
ligament ody | Photokeratitis (inflammation of
o (o | | 180=31>nm the cornea, e Ejivalent

(UV-B, UV-C) S |
to sunburn), accumulating
damage
315-400 nm Photochemical cataract
(UV-A) (clouding of the eye lens)
400-780 nm Photochemical damage to the
(visible) retina, retinal burn
780-1400 nm Cataract, retinal burn

Source: (near-IR)

https://commons.wikimedia.org/wiki/File:Sche

matic_diagram_of the_human_eye_en.svg#/m 1.4-3.0 pm (|R) cataract, corneal burn,...

edia/File:Schematic_diagram_of_the_human_

eye_en.svg 3.0 um-1 mm Corneal burn

Skin is usually much less sensitive.
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In the fetus, the hyaloid canal contains a prolongation of the central artery of the retina, the hyaloid artery, which supplies blood to the developing lens. Once the lens is fully developed the hyaloid artery retracts and the hyaloid canal contains lymph. The hyaloid canal appears to have no function in the adult eye, though its remnant structure can be seen

Laser können biologisches Gewebe sowohl am Auge als auch an der Haut durch verschiedene Mechanismen schädigen:
Thermische Schäden oder Verbrennungen entstehen, wenn das Gewebe so stark erhitzt wird, dass es zur Denaturierung von Proteinen kommt. 
Ein weiterer Mechanismus ist die photochemische Schädigung, bei der Licht chemische Reaktionen im Gewebe auslöst. Photochemische Schäden treten vor allem bei kurzwelligem (blauem und ultraviolettem) Licht auf und können sich im Laufe von Stunden akkumulieren. 
Laserpulse, die kürzer als etwa 1 μs sind, können einen raschen Temperaturanstieg verursachen, der zu einem explosionsartigen Sieden von Wasser führt. Die Schockwelle der Explosion kann anschließend noch relativ weit vom Auftreffpunkt entfernt Schäden verursachen. 
Ultrakurze Pulse können auch eine Selbstfokussierung in den transparenten Teilen des Auges aufweisen, was zu einer Erhöhung des Schadenspotenzials im Vergleich zu längeren Pulsen mit der gleichen Energie führt. Bei der Verwendung von Titan-Saphir-Lasern hat sich die Photoionisation als Hauptmechanismus der Strahlenschädigung erwiesen.�


High power laser sources: possible hazards

= CO,-Lasers (A=10.6um):
* Direct and directly reflected beam
dangerous
* Diffuse reflections usually not
dangerous (depends on the
distance)
* Plasma in deep penetration

welding emits UV- and blue-
radiation, protection necessary.

= Solid state lasers (fiber, YAG,...) A=1.0....um)
* Direct, reflected beam as well as scattered radiation are focused on eye’s
retina, very dangerous (always use goggles or protective housing !!)
* Plasma in deep pentration welding emits only a low amount of UV-
radiation, protection ususally not necessary.
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In the fetus, the hyaloid canal contains a prolongation of the central artery of the retina, the hyaloid artery, which supplies blood to the developing lens. Once the lens is fully developed the hyaloid artery retracts and the hyaloid canal contains lymph. The hyaloid canal appears to have no function in the adult eye, though its remnant structure can be seen

Laser können biologisches Gewebe sowohl am Auge als auch an der Haut durch verschiedene Mechanismen schädigen:
Thermische Schäden oder Verbrennungen entstehen, wenn das Gewebe so stark erhitzt wird, dass es zur Denaturierung von Proteinen kommt. 
Ein weiterer Mechanismus ist die photochemische Schädigung, bei der Licht chemische Reaktionen im Gewebe auslöst. Photochemische Schäden treten vor allem bei kurzwelligem (blauem und ultraviolettem) Licht auf und können sich im Laufe von Stunden akkumulieren. 
Laserpulse, die kürzer als etwa 1 μs sind, können einen raschen Temperaturanstieg verursachen, der zu einem explosionsartigen Sieden von Wasser führt. Die Schockwelle der Explosion kann anschließend noch relativ weit vom Auftreffpunkt entfernt Schäden verursachen. 
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" Diode-Lasers (A= VIS...IR)
* Comparable to solid state lasers

>]

= Excimer lasers (A=126nm ... 351nm)
* Uses toxic gas under high pressure (fluorine, chlorine). Protective enclosing
with exhaust system
* UV-radiation shows an accumulating effect. Even low exposure rates are
dangerous. 9
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Diodenlaser von ca. 405 nm … 3 µm�Excimer Ar2 126nm … XeF 351
�Some lasers require the handling of hazardous chemicals, e.g. carcinogenic dye solutions in dye lasers. Some of these solutions can penetrate the skin, and therefore need to be handled with special care. Near-infrared laser beams are much more hazardous than visible light with the same power level, because their radiation is focused to the retina just in the same way as visible light, whereas the blinking reflex of the human eye (normally closing the eye's lid quickly when the intensity is too high) is not active. Also, no warning is possible e.g. through weak stray light: nothing can be seen when a dangerous beam propagates in an unexpected direction.
Ultraviolet lasers endanger not only eyes, but also the skin (see above).






Pulse duration and interaction mechanisms
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Selbst-Fokussierung durch Kerr-Effekt


Very short laser pulses - Ti:Sapphire laser ﬂ LL(

» Ultrafast laser = fs pulses

e 30 fs pulse: light travels approx.
10 pm, bandwidth ~100 nm Bl e come
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Selbst-Fokussierung durch Kerr-Effekt


Pulse duration and interaction mechanisms ﬂ Ll

Non-conducting materials (insulator,

semiconductors): Between conduction
band and valence band: band gap with
a certain energy E,.

Leitungsband

Band gap energy E, approx 0,7 eV (Ge)
— several eV

Insulator = large band gap, at very high
field strength electrons are shifted from
the valence band to the conduction \elenzband >~ 5
band: breakdown Vellenvektor k

Energie E

12
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Selbst-Fokussierung durch Kerr-Effekt


Pulse duration and interaction mechanisms

With extremely short pulses, many photons hit the atom in

a very short period of time: multiphoton absorption

Free electrons suffer from
collisions among each
other = multiplication by
yinverse Bremsstrahlung”
and additional collisions

Insulator behaves like a
conducting material

hv

33333

-hv

hv
hv

I hv
I hv

B LLr
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Selbst-Fokussierung durch Kerr-Effekt


Pulse duration and interaction mechanisms LL[I

Non-linear effects due intense electromagnetic
radiation

Source: wikipedia

A lens is a lens because the phase delay
seen by a beam varies with x

Intensity dependent refractive index: Q

n =ny+ n,l(x,t) leads to self-focusing é
of an intense, gaussian laser beam —
m_ =
~5E-19 *
Quarz ~1.5 ~3E-16
2
P~ 3.77 - A For radiation with a
cr 81074 wavelength of 800 nm: .. ~ 2 GW

14


Presenter-Notizen
Präsentationsnotizen
For pulses of sufficient peak power, the intensity-dependent refractive index enables the pulses to overcome the natural diffraction spreading and begin to self-focus. For pulses to do this, they must have an input power exceeding the critical power, described for Gaussian pulses by


Ultrafast lasers

e Pulse energies up to “m)J
* Average power kW
* Irradiance up to ~10%> W/cm?

* Generation of free electrons by the
leading edge of the laser pulse
— Bremsstrahlung
— Collisions

* Hot electrons

e (strong) plasma formation
* Emission of x-ray radiation
* Photon energies up to ~10eV

e X-ray emission depends on plasma
development

100'000

Average power / W

10'000

1'000

100

10
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Source: Weber et al., AOT vol. 10, no.4-5,
2021, pp. 239-245.
https://doi.org/10.1515/aot-2021-0038
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Ultrafast lasers — particle emissions

Relative Frequency of Masses [%]

Material removal by ultrashort pulses e Size distribution depends on the
leads to particle emissions irradiance
Particle Size Distribution Particle Size Distribution
7077 707
Process Parameter g Brocess or
______________ + Center Wavelength: 780 nm —_
604" « Pulse Duration: 150 fs @ 60 LB [
« Repetition Rate: 5000 Hz @ ':‘“‘Tﬂ?ﬂ: ’; o :Jﬁ* el :gu B
1P + Fluence (PP): 1.5 Jlem? © sollf—— 1 miu e @ -
o « Fluence (Tissue): 1 Jem? = R e
______________ -SpotDinmehr:U.Oﬁmm g‘ 404 e e ety |1 T Mym S0pm [~
O Human Tissue § __________________ ‘l CiFemtosecond Laser
g_ 304 2CO, Laser
E B Nd-YAG Laser
@
=
5
[
©

& ~ v b \s A ~ © A > A
. o i) o ) [~3 ~ ~ L w

Aerodynamic Particle Diameter [um] Aerodynamic Particle Diameter [um]

Bunte, J. et al., Topics in Applied Physics, vol 96.
Springer, Berlin, Heidelberg.
https://doi.org/10.1007/978-3-540-39848-6 20
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Investigations on polymers – polypropylene (PP) – generates particles with a mean aerodynamic diameter of 0.3 μm (left), which is comparable to those of conventional laser processing. However, it was found that the particle emissions of human dermal tissue show a significantly smaller median diameter compared to those of polymer materials. 

Particle emissions generated by femtosecond-laser treatment of humandermal tissue show a median diameter that is considerably smaller than par-ticles generated with conventional laser sources such as CO2or Nd:YAG laser (right)
�


= High power laser sources: Safety measures LLl-

Engineering Procedure controls | Protective
Equipment

Protective housing  Laser safety officer Eyewear

Door interlocks, Operating Clothing

remote control procedures

Beam shutter Limitation on use Gloves
by class

Key switch Usage limitation

Warning lights Education, training

Controlled beam Marking of

path protective devices

Laser area Warning signs and
labels

21
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In the fetus, the hyaloid canal contains a prolongation of the central artery of the retina, the hyaloid artery, which supplies blood to the developing lens. Once the lens is fully developed the hyaloid artery retracts and the hyaloid canal contains lymph. The hyaloid canal appears to have no function in the adult eye, though its remnant structure can be seen

Laser können biologisches Gewebe sowohl am Auge als auch an der Haut durch verschiedene Mechanismen schädigen:
Thermische Schäden oder Verbrennungen entstehen, wenn das Gewebe so stark erhitzt wird, dass es zur Denaturierung von Proteinen kommt. 
Ein weiterer Mechanismus ist die photochemische Schädigung, bei der Licht chemische Reaktionen im Gewebe auslöst. Photochemische Schäden treten vor allem bei kurzwelligem (blauem und ultraviolettem) Licht auf und können sich im Laufe von Stunden akkumulieren. 
Laserpulse, die kürzer als etwa 1 μs sind, können einen raschen Temperaturanstieg verursachen, der zu einem explosionsartigen Sieden von Wasser führt. Die Schockwelle der Explosion kann anschließend noch relativ weit vom Auftreffpunkt entfernt Schäden verursachen. 
Ultrakurze Pulse können auch eine Selbstfokussierung in den transparenten Teilen des Auges aufweisen, was zu einer Erhöhung des Schadenspotenzials im Vergleich zu längeren Pulsen mit der gleichen Energie führt. Bei der Verwendung von Titan-Saphir-Lasern hat sich die Photoionisation als Hauptmechanismus der Strahlenschädigung erwiesen.�


Ultrafast lasers — summary

Non-linear effects due to very high
irradiances: self-focusing

Strong plasma formation due to very
high irradiances

Hot electrons can be a source of x-ray
radiation

At close distances, x-ray emission doses
can exceed regulatory exposure limits

Protection measures (distance and/or
steel sheets) should taken into account

Particle emissions due to ultrafast
processing

Particle size depend on irradiance

Larger irradiance causes smaller
particles

Ablated volume is relatively small
Exhaust system recommended

B LLr
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Thanks for your attention!
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Laser safety

Safety class

Simplified description

1

The accessible laser radiation is not dangerous under reasonable
conditions of use.
Examples: 0.2-mW laser diode, fully enclosed 10-W Nd:YAG laser

M

The accessible laser radiation is not hazardous, provided that no
optical instruments are used, which may e.g. focus the radiation.

The accessible laser radiation is limited to the visible spectral range
(400-700 nm) and to 1 mW accessible power. Due to the blink
reflex, it is not dangerous for the eye in the case of limited
exposure (up to 0.25s).

Example: some (but not all) laser pointers

2M

Same as class 2, but with the additional restriction that no optical
instruments may be used. The power may be higher than 1 mWw,
but the beam diameter in accessible areas is large enough to limit
the intensity to levels which are safe for short-time exposure.

3R

The accessible radiation may be dangerous for the eye, but can
have at most 5 times the permissible optical power of class 2 (for
visible radiation) or class 1 (for other wavelengths).

3B

The accessible radiation may be dangerous for the eye, and under
special conditions also for the skin. Diffuse radiation (as e.g.
scattered from the some diffuse target) should normally be
harmless. Up to 500 mW is permitted in the visible spectral region.
Example: 100-mW continuous-wave frequency-doubled Nd:YAG
laser

The accessible radiation is very dangerous for the eye and for the
skin. Even light from diffuse reflections may be hazardous for the
eye. The radiation may cause fire or explosions.

Examples: 10-W argon ion laser, 4-kW thin-disk laser in a non-
encapsulated setup

LU
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https://www.rp-photonics.com/laser_pointers.html
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Ultrafast laser processing

* Modifications of surface properties

e SCA can be modified from hydrophilic to
(super)hydrophobic behaviour

* Thermal stability tests showed that
superhydrophobic properties were able to
withstand elevated temperatures

Before After vacuum Before After vacuum
vacuum process process vacuum process process

58.6° ll 158° 1570
0.10 J/cm? 0.40 J/cm?
‘
1540
0.20 J/cm? . 0.50 J/cm?

1600 158°

0.30 J/cm? 0.63J/cm?

a ——————

Appl. Surf. Sci. 559 (2021)
149897 26
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= Macro processing — joining of dissimilar materials

- Aluminum

Joining of dissimilar materials, like aluminum
and steel is challenging due to different

material properties and the formation of brittle
intermetallic compounds

Intermetallic phase (vol. fraction)
0.001 0,005 0.02 0.1 0.5

e e (74 1
v ayer
10 thickness,

Lasers Manuf. Mater. Process. 5, 1-15 .
(2018). doi:10.1007/s40516-017-0049-8 27
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= Macro processing — modification of material
properties

= Tailor-made laser beam intensity profiles can

improve processing quality and selectively
change material properties

* Within the framework of a current, multi-year
basic research project, funded by the FWF,
changes in the local material properties of dual-
phase steels illuminated with laser radiation
modified by diffractive optical elements are J
investigated

Wl

[npul j
field

Schematic illustration of a micro-
2020 International Conference on relief for the geperatpn Of a
Information Technology and homogeneous intensity distribution
Nanotechnology (ITNT), 2020, pp. 1-4 28
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= Macro processing — Quality monitoring during
additive manufacturing

= Additive manufacturing: Development of a TSP 10 DIy 1
qguality monitoring system for powder bed laser .
fusion processes.

e Within a multi-year research project with partners
from the industry, funded by the FFG, different
strategies to detect component defects have been
investigated. A machine learning approach was
able to predict certain defects.
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= Macro/Micro processing -Thickness measurement
by an ellipsometer

= Adefined thickness of a layer on substrates is very

[nm] Thickness Active Layer on PET
often quite important for different components, like ..,
displays, PV-cells, ... 300
 Afastimaging ellipsometer, based on a SCPEM has fgg
been developed to analyze thin film thickness on 100
substrates (range: 10 nm - 2.5 um, sample size 50 |
250 mm) o j E—

! o - 5 - m IF;‘ ] ¥ / J.r":
; g it I : J .a\ ~ ¥ i
lllumination . ¥, - -~ : i 25 \E
. " " Y Y : !, ; A-,n;‘"l 3

EU FP7-SME-2012_BSG-SME 31
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Micro/nano processing — nanostructures for data
storage

* Long-term data storage is a major
problem of our digital age, as current
hard disks and solid-state drives have to
be replaced regularly to prevent data-
loss, for example.

* Writing of nanostructures on ultra-hard
ceramic coatings for data storage:

— Extremely low energy consumption
— extremely durable and long-lasting

— Development of fast reading/writing
processes

2022 FFG Projekt# 44524216

32
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Process Engineering LLIF

Nano processing — Modification of the surface
color

* Micro- and nanostructuring with
an ultrafast laser — color depends
on intensity distribution

S i
4o - a bl 0 1 [ Yon
! L S i g ¢ 1 )
a1 L R X ] ML == (T ¥
| ! ' \ i " 5,

Optics & Laser Technology,
Vol 119, Nov. 2019 33
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blue-turquoise (a)2, orange (b)3, grey-green (c)4 and red-violet (d)1
     Colour  	Average height [nm]  Standard deviation [nm]  Average period [nm]
Blue-turquoise 260 		28 		620
Orange 	175 		54 		640
Grey-green 	177 		45 		600
Red-violet 	151 		28 		610
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Nano processing — Modification of tribological
properties

e Steel samples have been laser
treated by an ultrafast laser
system

*  Micro- and nanostructured

ostru
surfaces were investigated

* Friction coefficient was reduced ., geee -

~ (o)
by 35/) 011\\4‘0«% -
3
- 3
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Friction coefficient of steel samples:
a) laser treated sample. b) untreated sample
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Process Engineering

Micro & nano processing — Modification of
adhesion properties (icephobicity)

Micro- and nanostructured materials
can show hydrophobic and
superhydrophobic properties — which
can influence ice formation

Ongoing research projects are devoted
towards an investigation of “icephobic’
properties of nanostructured surfaces
as well as on the adhesion of other
liquids on such surfaces
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Ice formation on unstructured and nano-
structured surfaces (brass, copper). 1 -
maximum icing, 5 - no icing.
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Presenter-Notizen
Präsentationsnotizen
Attention: NDA with FHW 
The samples were mounted at Sonnblick mountain and observed with the help of a camera. The icing of the surfaces was divided into categories, whereby the value 1 corresponds to a maximum icing, the value 5 to no icing at all. An untreated and a nanostructured sample were always mounted next to each other. The exposure took place over a period of approx. 3 weeks. The temperatures were below the freezing point during the whole exposure, with a maximum temperature of -3.2°C, and a minimum temperature of approx. -32°C. the nanostructured samples remained completely ice-free for a longer period of time and the ice disappeared faster.
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From laser beam welding...

>
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A

Al99.5

2 kw
bed rate 10 m/min
bcus diameter 100 pm
beus position -2mm
bam quality M” | 3.82
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...to ablation with ultra short pulses...

ps pulses ns pulses
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... to laser powder bed fusion
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... thermomechanics...
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... fo a grain growth model
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